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Introduction therefore reflected in the interaction between Reward and Transition. Here, we were mainly 241 interested in group differences in model-based and model-free control and thus focused on 242 the Group x Reward x Transition interaction and Group x Reward interaction on stay 243 probabilities, respectively. 244 We hypothesized that the relationship between weight status and model-based or model-free 245 control might be linear or quadratic in nature. To investigate the nature of these relationships, 246 we next performed planned pairwise group comparisons on the Reward x Transition interaction 247 term (i.e., (Rewarded Common -Rewarded Rare) -(Unrewarded Common -Unrewarded 248 Rare)) and on the main effect of Reward (i.e., (Rewarded Common + Rewarded Rare) -249 (Unrewarded Common + Unrewarded Rare)) on stay probabilities. 250 Finally, we ran two post hoc linear models (lm() from the R stats package): (1) on the Reward 251 x Transition interaction term, and (2) on the main effect of Reward to investigate the existence 252 of a linear and quadratic relationship with BMI on a continuous scale. Both models included 253 BMI and BMI 2 as orthogonal predictors.
255
Computational modeling 256 To investigate how participants' choices were affected by reward and transition probability 257 throughout the experiment rather than in the previous trial alone, we computationally modeled 258 choice behaviour. We implemented a hybrid of a model-free and model-based reinforcement 259 algorithm as is described in detail in our previous work 16, 25 and in the original paper 30 .
260
In short, the model-free algorithm (SARSA(l)) included a learning rate for each stage (a1, a2) 261 and a parameter l, which allows the second stage prediction error to affect the next first-stage 262 values (Q). where 8 controls the stochasticity of choices at stage = 1 or 2, and repetition parameter 277 reflects choice perseveration at the first stage.
278
The model had a total of seven parameters that were bounded by transforming them to a instead of re-computing the ß's from . 290 We assessed group differences in using ANOVA with between-group factor weight status, Raw behaviour according to first-stage stay probabilities 329 Analysis of stay probabilities (Figure 2a) participants' first-stage choices (Transition: F(1,87) = 3.4, p = .070, hp 2 = .037).
Results

304
Characterization of the groups
336
The weight groups significantly differed in the use of a model-based choice strategy ( Figure   337 2b) as reflected by a significant three-way Group x Reward x Transition interaction on stay probabilities (F (2,87) = 4.3, p = .017, hp 2 = .090), but not in the use of a model-free choice 339 strategy (Group x Reward: F (2,87) = 1.8, p = .174, hp 2 = .039, Figure 2c ). Planned 340 comparisons of the Reward x Transition interaction between groups showed that the three-341 way interaction was driven by a significantly higher interaction term for normal-weight relative 342 to obese (p = .017) and for overweight relative to obese (p = .010) participants, whereas 343 normal-weight and overweight participants did not differ from each other (p = .817).
344
We observed no Group x Transition interaction (F (2,87) = 1.2, p = .297, hp 2 = .028), nor a main 
Figure 3. Relative reliance on model-based and model-free control (omega). (a) On the
For the sake of completeness, we also inferred the equivalent version of the model with 465 separate ß's for MF and MB directly from the data 54 instead of re-computing the ß's from w.
466
The model was otherwise identical to the original model including w ( Supplemental Table 1 ) 467 and yielded highly similar results as described in the previous paragraph. There was a slight 468 group difference in bMB at trend level (KW(2) = 5.4, p = .067, h²H = .04), but no difference in bMF 469 (KW(2) = 3.6, p = .165, h²H = .02). On a continuous level, bMF was again linearly related to BMI 470 (bBMI = .249, p = .018; bBMI 2 = -.072, p = .492; adjusted R 2 = .046, F (2,87) = 3.1, p = .046), and 471 no relationship was observed between bMB and BMI (bBMI = -.084, p = .432; bBMI 2 = -.077, p = 472 .470; adjusted R 2 = -.010, F (2,87) < 1, p = .565) (Supplemental Figure 2) . 473 None of the other model parameters differed significantly between the groups (model 1: Table   474 2; model 2: Supplemental Table 1 ). This indicates that the groups did not differ in terms of 475 first or second stage learning rates (a1, a2), stochasticity of first or second stage choices (b1, 476 b2), the tendency to persevere independent of reward or transition (r), the eligibility parameter 477 (l), and importantly, how well the model fit participants' data (-LL).
478 Finally, we ran simulation recovery analyses for both models to assess whether the model differences may be more pronounced when taking into account participants' diet rather than 593 obesity. Rodent studies suggest that rather than obesity, the intake of high fat and/or sugar psychiatric symptom dimension related to deficits in goal-directed control. Elife 5, 694 e11305 (2016). 
